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the trachea. Analysis of early Bmp4 deficient foreguts indicates
that tracheal specification appears to occur but tracheal
outgrowth fails to initiate. We provide evidence that Bmp4
signal is required to maintain tracheal progenitor cell survival.
Collectively, our results identify Bmp4 as a critical signal in
tracheal formation thus providing a unique mouse model to
understand the pathogenesis of TA in humans.
doi:10.1016/j.ydbio.2006.04.415
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DICER is a key enzyme that processes microRNA
(miRNA) and small interfering RNA (siRNA) precursors into
their short mature forms, enabling them to regulate gene
expression. Only a single Dicer gene exists in the mouse
genome and it is broadly expressed in developing tissues.
Dicer null mutants die prior to gastrulation. Therefore, to
study Dicer function in the later event of lung formation, we
inactivated it in the mouse lung epithelium using the cre/loxP
approach. Dicer inactivation in lung led to dramatic pheno-
types: branching arrests in these mutant lungs, though
epithelial growth continues in distal domains that are
expanded compared to normal samples. These defects result
in a few large epithelial pouches in the mutant lung instead of
numerous fine branches present in a normal lung. Signifi-
cantly, the initial phenotypes are apparent before an increase
in epithelial cell death is observed, leading us to propose that
Dicer plays a specific role in regulating lung epithelial
morphogenesis independent of its requirement in cell survival.
In addition, we found that the expression of Fgf10, a key
gene involved in lung development, is upregulated and
expanded in the mesenchyme of Dicer mutant lungs. Previous
studies support the hypothesis that precise localization of
FGF10 in discrete sites of the lung mesenchyme serves as a
chemoattractant for the outgrowth of epithelial branches. The
aberrant Fgf10 expression may contribute to the Dicer
morphological defects. The mechanism by which DICER
functions in the epithelium to influence Fgf10 expression in
the mesenchyme will be discussed.
doi:10.1016/j.ydbio.2006.04.416
386
Dissection of MAP kinase signaling in mouse lung
branching morphogenesis
Yuru Liu, Lesley Martinez, Mark K. Abe
University of Chicago, IL, USA
During early stages of mouse lung development, the
endoderm undergoes extensive and stereotypic branching
morphogenesis, a process in which a simple epithelial bud
gives rise to a complex tree-like system of tubes specialized for
the transport and exchange of gas with blood. It is known that
FGF signaling is essential for this process by promoting the
proliferation, budding, and chemotaxis of the epithelial
endoderm. In order to elucidate the roles of signaling molecules
downstream of FGF, the expression patterns of the MAPK
subfamily members, including ERK. JNK and p38, were
examined. While most of these genes are expressed in both the
endoderm and mesoderm of the embryonic lung, we found that
Erk7 and Erk3 mRNA are localized specifically to the proximal
and distal endoderm, respectively. In addition, several chemical
inhibitors specific to ERK, JNK and p38 signaling pathways all
inhibit endoderm budding in vitro. Their specific phenotypes
differ, however, suggesting that each subfamily member has a
distinct role. Furthermore, we have improved an explant
culture system such that we can express molecules using a
lentiviral delivering system. Results of activating and/or
inhibiting specific signaling molecules using this lentiviral
system will be presented.
doi:10.1016/j.ydbio.2006.04.417
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The T-box transcription factor Tbx5 has been shown to play
crucial roles in vertebrate heart and forelimb development. In
humans, mutations in the TBX5 gene lead to Holt–Oram
syndrome, a disease characterized by heart and arm defects. In
zebrafish, the tbx5 heartstrings (hst) loss-of-function mutation
results in embryos that fail to develop pectoral fins and form a
string-like heart. However, it is not understood how Tbx5
functions or how it is regulated. We have identified a novel
chicken Tbx5 binding protein, Lmp4, which regulates the
subcellular localization and transcriptional activity of Tbx5 in
cells. Nothing is known yet about the developmental function
of Lmp4, particularly as it relates to the heart. Here, we report
the identification of the zebrafish lmp4 homolog, which is
expressed along with tbx5, in the developing heart and pectoral
fin buds, but also in the trunk and tail. Inhibition of Lmp4
function by injection of morpholinos (MO) targeting lmp4
protein initiation or splicing resulted in a failure of cardiac
looping, reminiscent of tbx5 MO injected embryos or hst/
<I>hst mutants. Altered migration of tbx5-expressing cells was
also detected in lmp4-compromised embryos, similar to the
dispersed tbx5 positive cells detected after tbx5 MO injection.
We also observed, short tail and growth defects in lmp4 MO
injected embryos, coinciding with lmp4 expression in the trunk
and tail, suggesting additional Tbx5 independent functions.
This study highlights the role of Lmp4 in vertebrate develop-
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ment and its participation in the regulation of tbx5 and
potentially other genetic pathways.
doi:10.1016/j.ydbio.2006.04.418
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Platelets are small anucleate cells essential for maintaining
vascular integrity after tissue injury. Unipotential megakaryo-
cyte progenitors produce thousands of mature discoid platelets.
In the adult, megakaryocyte progenitors are thought to arise from
bipotential megakaryocyte/erythroid progenitors (MEP), how-
ever, little is known about the developmental origin of the
megakaryocyte lineage. We previously determined primitive
and definitive erythroid lineages emerge during gastrulation
from hemangioblast precursors. Our data show that the
megakaryocyte lineage arises from hemangioblast precursors
shortly after the onset of gastrulation. Two waves of megakar-
yocyte progenitors form in the yolk sac, each associated with
previously unrecognized yolk sac bipotential-MEP. Primitive-
MEP first emerge at E7.0 followed by definitive-MEP beginning
at E8.25. Megakaryocytes progenitors and definitive-MEP are
subsequently found in the newly formed circulation and fetal
liver. Megakaryocyte cells were evident in the yolk sac
beginning at E9.5, while circulating platelets were detected in
the embryonic bloodstream, as early as E10.5. These platelets
are morphologically distinct from adult platelets by size, shape
and degree of reticulation. Our studies indicate that commitment
to the megakaryocyte lineage occurs during gastrulation and that
the megakaryocyte lineage is closely associated with erythroid
lineages throughout ontogeny.
doi:10.1016/j.ydbio.2006.04.419
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Recently, the paradigm of mammalian embryonic hemato-
poiesis has been significantly challenged. Early observations of
red blood cell (RBC) ontogeny led to a two-wave model of
hematopoiesis. First, a transient wave of ‘‘primitive’’ large
nucleated erythroblasts, reminiscent of non-mammalian RBCs,
arises from yolk sac extra-embryonic mesoderm at embryonic
day 8 (E8) in the mouse. Second, smaller enucleated ‘‘defini-
tive’’ RBCs enter the blood-stream from the fetal liver beginning
at E12.5 and postnatally from the adult bone marrow. It was
assumed that definitive hematopoiesis derives solely from
transplantable hematopoietic stem cells (HSCs) with full
myeloid and lymphoid potential that arise within the embryo
at E10.5. We have found that primitive erythropoiesis shares
characteristics reminiscent of definitive hematopoiesis, includ-
ing the production of enucleated RBCs and an association with
other lineages. Even more intriguing, yolk sac mesoderm creates
a wave of definitive hematopoietic precursors before the
emergence of HSC that contains erythroid, megakaryocyte,
and several myeloid lineages. However, it is not yet known if this
extra-embryonic definitive wave contains all myeloid lineages
or possibly even lymphoid fates. We hypothesize that the
provision by the yolk sac of a bolus of primitive red blood cells
as well as short-term engrafting definitive hematopoietic
precursors sustain embryonic survival and growth until emerg-
ing HSCs can generate mature hematopoietic progeny.
doi:10.1016/j.ydbio.2006.04.420
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Sonic Hedgehog (Shh), expressed at the posterior limb bud
margin, regulates both digit number and anterior–posterior
(AP) pattern. Experimentally, increasing Shh doses lead to
formation of progressively more posterior digit types. There
are several models addressing the mechanism of digit
patterning by Shh, including the classic spatial morphogen
gradient model and a more recent expansion-based temporal
Shh gradient model, which both propose that the highest
cumulative levels of Shh signaling (either concentration or
over time) specify the most posterior-type digit identity.
However, other recent work indicates that posterior cells
become refractory in response to Shh signals over time. We
have used a tamoxifen-dependent, Cre-ER transgene expressed
in limb mesoderm together with a Shh conditional (floxed)
null allele to determine the temporal sensitivity of digits to
loss of Shh signaling. Unexpectedly, the observed order of
digit loss following recombination at different times (3, 5, 2,
4) does not fit well with any of the current models. Moreover,
at time points where more than one digit still forms, the
remaining digits are normal morphologically. Expression of an
early condensation marker suggests that the observed order of
digit loss reflects the order of normal digit condensation
formation. Taken together, these data suggest that Shh
regulates digit identity and pattern only very early and
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